Michigan State University
STT 456 - Actuarial Models 11
Class Test 1
Friday, 27 February 2015
Total Marks: 100 points

Please write your name at the space provided:

Name: FM L \/A LD E zZ

e There are ten (10) multiple choice (MC) questions here and you are to answer
all questions asked. Each question is worth 10 points. Partial points will be
granted for those who provide detailed solutions.

e Additional question, on separate sheets, worth 20 bonus points are provided
selectively to those with diligent attendance.

e Please provide details of your workings in the appropriate spaces provided;
partial points will be granted.

e Please write legibly.

e Anyone caught writing after time has expired will be given a mark of zero.
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Question No. 1: (10 points) C( Q Q(j\i S &— =V =1 AOL}??

ABC Insurance Company sells N fully discrete whole life insurance policies with death benefit
of $100, each with the same age z. You are given:

e All policies have independent future lifetimes.

s = d= 5%0ss and V= Yess

=99 = A= 1 -da ~ =100‘§>S(qc‘ 5) =0- 481276

%4, = 7.14 (This is life annuity calculated at 24.) ZAK = |- 2(:‘ 6( =0, 274 C’iSO a

The annual contract premium is $5.33 per policy.

The 99th percentile on a standard normal distribution is 2.326.

Determine the smallest NV so that ABC has at least a 99% probability of a gain from this
portfolio of policies. . v [ - :
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For a fully discrete whole life insurance issued to (z), you are given: i 5

: - 0N e 0,5 410V
s 34329 (115 C@xw@ = (Ve tP)(os) - 505 g”'oig
® (ri10 = 0.0268 '

\ o N7 L ,\)
73 ¢04S (1~ 3‘7(%;0) = (Ut p) (r05) " = BO7 et

Question No. 2: (10 points)

e ¢,.11 = 0.0288
LoV = 343.29 —

10.7V = 340.48"

Deaths are uniformly distributed over each year of age. ::.) 05 (X446 = 05 C()?‘*“H o

0.7 T)X!HO =0.7 C&%’HO
Calculate the amount of the death benefit (to the nearest hundred). » (;‘ _ \ (gﬁ
- i (W A B v ek SO) e TYs
(a) 1,000 Rewnr b the fws equahiong T each solve Vi
, o T 7
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(b) 1,100 Vi kP = 343,29 (i—.SCﬁX+*io>(\‘05> t6os (BWO
(c) 1,300 o e | XTe
Vigh P = 340.48(1 - 1pm)(105) T+ 07 et
(d) 1,400
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Question No. 3: (10 points)

You are given the following multiple state model:

HIV positive
(1)

uninfected

(0)

AIDS
(2)

27N

0——>0|—>13

a—

004 e

dead
(3)
The forces of transition are the following:
o % =0.004
e 1% =0.006 \0 t
o 1'% =0.400 S S
o 1 =0.200 6" 9 \Q
LI e (6
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de At
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Calculate the probability that an uninfected person will be infected with HIV, that never

developed to AIDS, and die within 10 years.

(a) less than 0.01

Ab) at least 0.01, but less than 0.02

(c) at least 0.02, but less than 0.03
(d) at least 0.03, but less than 0.04

(e) at least 0.04
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Question No. 4: (10 points)

For a fully discrete whole life policy of $100,000 issued to (50), you are given:

e Expenses, incurred at the beginning of each year, are summarized below:

% of Premium Per Policy
First year 25% 15
Renewal years 5% 5

e Gross premium is determined according to the actuarial equivalence principle.

o 1 =4%
o iiso = 11.007 == A‘;O -\— lO\if (il 0073 C. 57%‘73‘8

i =940 D Acs = |- ‘O‘L (q ¢50) = OLSQES(@D

Calculate 59, the fifth-year gross premium reserve (to the nearest ten).

(@) 12,190 Frck cnladode o APVEG, = APVFR, & APUEE,
/ (b) 13170 GOSD = (00000 Agg + 204G +10 + (. 050%5)@;@

(c) 14,150 (MG - 00000 As@"(’ o+ ‘5(?\ 58

(d) 15,130 e as a% -0

(¢) 16,110 G=562% 359

= (00000 A% + QO@G ‘rg)C’Ss G Uss
= 1000o0LO (ué‘s%‘g%s} (5 =95 GB(C\"\W)

]

- 13 170.05
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Question No. 5: (10 points)
For a whole life insurance policy of $1 issued to (x), you are given:
e Death benefit is payable at the end of the year of death.

e Level premiums are payable annually at the beginning of each year, only for the first n
years. There are no premiums after n years.

e Reserves are calculated based on the Full Preliminary Term (FPT) method.

Determine  in the FPT calculation. A \
@) 7= P= PG m ﬁ

- Replaee 05 with ot and rerer P

POxm = % N ﬁkaxffﬂ 0

(C) %x—i—l:m | TN \\/

17T AX \/Cb')(
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Question No. 6: (10 points)
For a 10-year endowment insurance on (55), you are given:

e The death benefit, payable at the end of the year of death, is equal to 2500 plus the
benefit reserve.

The endowment benefit is 5000.

e Level premiums, P, are payable annually at the beginning of each year.
® 5501 = 0.01, for k=0,1,2,...
= UST Teoursive %‘VWV\QG\
Calculate P. 0\,’ =0
(a) 355 \ = P_Q‘OB) ~(@Boo+ ) (0.0 = P(j.05) - 2bgo (o)
(b) 367 L= T
, ) ; ) — ie‘
CEC Y (i) = (P(1,65) -2560(0D +P)(Los) - (2500 Z(M )
~(d) 390 L
, [ = 2 0 - 2500 (sO\B 10S + )]
\/(e) 402 d P[(T‘O':;B T 53 \/\52; [

\

1 t
> N LOS
o= P D sy =25 S,
L/ =
5000, the eindow e Nt
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Question No.

o
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(10 points)

You are given the following health-sickness multiple state model:

healthy (h)

sick (s)

NS

dead (d)

> |-, 9740-0007
= ,0(”65

In calculating transition probabilities, the Euler method is being used with a step size of h = ;11‘.
Transition intensities and some estimated probabilities for the first year are given below:

t Ng(s)th N§g+t M?>8+t N§g+t Do tpgg tpgg\\
0.00 0.00387 0.00653 0.00077 0.00653 1.00000 0.00000 0.00000 0 O\Q g
0.25 0.00399 0.00666 0.00080 0.00666 0.99740 0.00097 - = ”
0.50 0.00412 0.00680 0.00082 0.00680 0.99475 0.00196 - s QOB 29
0.75 0.00425 0.00693 0.00085 0.00693 0.99203 0.00298 - 1 (00 i 61 o
1.00 0.00438 0.00708 0.00088 0.00708 - - -

Give the estimate for | pid.

(a) less than 0.0058

J (¢) at least 0.0062, but less than 0.0068

——— hd
Wriking the KFE o 45
_hS sd by hd

d

(d) at least 0.0068, but less than 0.0072 hd

(e) at least 0.0072

Y150

hd

—tl=n = Il M + 'tVr)G M%\'t
(b) at least 0.0058, but less than 0.0062 at FL?D PL)O SeHe

US“U\? Eulad wilh h=0:25"

hs  sd

ho ‘
~ TS Fguc +O~‘Z${~75Fﬂ 3M5-0475, |

e

O bh
t7sTse M%‘IS

00499 . 0,1;[‘.002% (‘006‘137"
= 0.00671385%
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Question No. 8: P Gt 2(000

An insurer issued 400,000 fully discrete whole life insurance policies to lives all exactly age 50
on January 1, 2005. Each policy issued has a death benefit of $100,000 with an annual gross

premium of $2,600.” | l‘ \ , l \ y
) 3 )
You are given: ‘iIZUQS \1Zai4 trizets
e The following values in Year 2014: )
anticipated actual

Expenses as a percent of premium 0.05 0.06 WEC Rle
Annual effective rate of interest 0.02 0.05 { y\*‘ﬁ(‘é{j@ﬂ [N
459 0.0085 0.0090 ‘

e The gross premium reserves per policy at the end of Year 2013 and Year 2014, respectively,

are:
oV =2,044.32 and 10V =2,324.13

e A total of 385,100 remain in force at the beginning of Year 2014.

e Gains and losses are calculated in the following order: interest then expenses then mor-
tality.

Calculate the total gain (or loss) , HndteYeit for this portfolio of policies in Year 2014.

(a) aloss of 23.7 million

Aok = 355100 % (4N + 0946 (105)
(b) a loss of 22.8 million i - - NV |
_ 3%5100 % (100,000 =10V )(.0010)

(¢) zero gain or loss T —

\/(d) a gain of 22.8 million [ [ 47 G I % Sq, g % 6

(e) a gain of 23.7 million Ex?;m A = 3%S 100 * (C(\/ + Oe(\ S G’B 6 0 Z>
385100 *( 100,000 ~ 1V >(000& )

k53, 506,616
Ak ~Erpidsd = + 22,833,220

Degpive Lo9eS I ©xpenses God maTably |, Fhert
' S~ e
E) 42‘\'\6\»%5:\ CH\()( Q()m/\h"j S}rch E)CU\\ Ry

'ﬁ moT H/\C“\

+ wk YCS‘)Y /
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Question No. 9:

v 7

For a fully discrete 10-year deferred whole life insurance of $1 on (45), you are given:

e The annual benefit premium is payable only during the deferred period and no premiums
are to be paid after the deferred period.

o Az = 0.3895;

e oF; = 0.6588;

e (4 = 18.8230;

e 54 = 0.004; and

o | = 4%.
Calculate the gV'™, the net premium reserve at the end of 9 years. v
.\:i'rsl“ clonl Ate \9 AN

P‘:: (OEq,g A‘;Y — icfm%ic,,mSBQS-B 0.0 2‘07
w  ¥35q Ay
(c) at least 0.35, but less than 0.40 a 4“5'3'71 | S / d

. \
— iOEq;t; G“;S

(a) less than 0.30

V(b) at least 0.30, but less than 0.35

(d) at least 0.40, but less than 0.45 L‘Lm’ 0145— IQ - Oq.g
I
158230 06555

— g,gggo\
T)’\Cn O\] A—' =0, >8C7§ Slhe nomane F;f,(m,\w a,}ﬁ/.» A{%ﬁ,‘“k Ptnn{

3895
“”/ow>

(e) at least 0.45

i

Nw«\~ Whe Feawrsive -g'w'mw\@w\
(Ci\/)r P)(\-h) = oVt ( YD %5‘%

| (95 004
(aV+ ~03c>73(1,e4> AN 3595) (.

‘3‘ V942
5.6\02%5 (3’“’ CT\}/ we 30& .
c“c42 - 0307 = 0.346¢
N= oy —

10
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Question No. 10:
For a fully discrete whole life insurance of $10,000 issued to (50), you are given:

e Mortality follows the I1llustrative Life Table.
o i = (%.
Calculate 15V™, the net premium reserve at the end of 15 years.
(a) less than 1000
(b) at least 1000, but less than 1500 |
(c) at least 1500, but less than 2000
(d) at least 2000, but less than 2500

/ (e) at least 2500

N

132669

P= 10,000 Aso — 10,000
Ciso

rpyv( Fhs

\318’5 — APVL $S>

s\ = APVLF "
_ P Qs

~ 10000 Ms

e

10,00 O (O k(“ 3 0( %}LMWWM ““““““““““““““““““““““ - -
N — 259012
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